Tobacco callus was raised from a stem of tobacco mosaic virus (TMV)-infected tobacco plant (cv. Bright Yellow).
Introduction
Kassanis4) reported that tobacco mosaic virus (TMV) concentration in cultured tumorous tissues remained constant for many years, and Raychaudhuri and Mishra8) also described similar results with chilli mosaic virus.
These results suggest that the virus concentration will be maintained at a constant level for many years under some suitable conditions.
On the other hand, some results suggesting uneven distribution of TMV in callus tissues have been reported.
Hildebrandt and Riker3) reported that among clones originated from single TMV-infected callus some lost the virus completely during successive transfers while others maintained it at a high level.
Chandra and Hildebrandt1) and Hansen2) also confirmed the same phenomenon.
Thus, it is well known that large differences in TMV concentration arise among tobacco callus tissues during successive transfers even if they were raised from the same tobacco plant infected systemically.
Reinert9) reported that the change of virus activity in callus tissues was different with the kinds of virus, viz., some viruses were maintained for long period but others declind rapidly.
The explanation for the mechanisms of the virus decline in callus tissues is lacking.
To approach this problem, the distribution of TMV in relation to cell arrangement in the different types of callus tissues was investigated by means of fluorescent antibody technique, TMV concentration in each type of callus tissue was also bioassayed periodically.
Materials and Methods
Tobacco callus tissue. Murashige and Skoog7) medium (free from Edamin, added with 20g/l of sucrose and 6g/l of agar) supplied with 1mg/l of a-naphthalene acetic acid (NAA) and 0.2mg/l of kinetin was used for tissue culture. The pH was adjusted with either 1N NaOH or 1N HCl to 5.7-5.8.
Thirty ml of the medium was allotted to each 100ml Erlenmyer's flask, and was autoclaved at 120C for 10min.
Tobacco callus was raised from a TMV-infected tobacco (cv. Bright Yellow) stem and was cultured for about 50 generations (each generation: 30 days) on the medium under 3,000lux of the continuous white fluorescent light at 25C. About 100mg of the tissue taken aseptically was used for every transfer. The following three stocks (Fig. 2) were developed from the original callus by successive transfers as shown in Fig. 1 Since significant difference in TMV concentration was found between peripheral and inner tissues of callus B, different tissues about 100mg each were transferred successively ( Fig. 1) and TMV concentrations were compared at the end of each generation to see if the difference of TMV concentration was amplified or to see how long does it take to get virus-free callus from TMV infected callus.
With repeated transfers of the inner tissue, translucent tissue gradually became predominant in the callus, and the whole body was occupied by the translucent and friable tissue at the end of the 6th generation.
Growth of the translucent callus was about two times greater than that of the green callus.
As shown in Table 2 , TMV concentration in the callus grown by serial transfers of the translucent tissue was high at the beginning, but it markedly decreased and could not be detected at the end of the 6th generation.
When peripheral green tissue was used for every transfer, TMV was maintained till the 6th generation.
Histological observation of the TMV diminished translucent callus at the end of the 6th generation revealed that whole part of the callus was composed of loosely arranged large cells (Fig. 5) . TMV-free callus was also developed from callus A in the same manner, but 2-4 more generations were needed in this case. As shown in Table 3 , almost similar results were obtained with newly raised callus tissues. TMV antigen was unevenly distributed and large masses of cells showing FITC specific fluorescence was observed mainly in the compactly arranged small cell areas adjacent to the tracheid-like cells (Fig. 6A) .
Even in the large cells, FITC specific fluorescence was occasionally detected when they were located adjacent to compactly A B arranged small cells containing TMV.
The antigen was rarely seen in the isolated large cells (Fig. 6B) .
Most of the small cell clusters were infected even if they were completely separated from each other among loosely arranged large cells. TMV concentration was compared between the small cell clusters and large cell tissues in callus B.
As shown in Table 4 , infectivity was always higher in the small cell clusters than in the large cell tissues, supporting the results obtained by fluorescent antibody method. Fluorescent antibody experiments carried out in parallel with histological observations (Fig. 3, 4 , 5) and biological assays (Table 1, 4) showed that TMV concentration was high in the green colored compact callus consisting of compactly arranged small cells, while it was low in the translucent soft callus consisting of loosely arranged large cells.
TMV disappeared from the callus tissue when loose tissue was monthly transferred for several generations (Table 2) . By the fluorescent antibody method it was shown that TMV antigen was frequently localized in the compactly arranged small cells around tracheid-like cells (Fig. 6A) , while it rarely found in the loosely arranged large cells (Fig. 6B) .
The results mentioned above support the idea that TMV may move readily through vascular element, and from cell to cell, in the compact callus tissue.
In the loose and friable callus, however, the movement of TMV seems to be difficult, because vascular elements were not differentiated and the cells are less associated each other. The disappearance of TMV in the callus tissue composed of loosely arranged large cells is probably due to rapid propagation of TMV-free cells which has escaped from the virus infection in TMV-infected callus.
As is well known, callus tissue is composed of heterogeneous cells. The results presented here clearly showed that the virus concentration in callus tissue closely related to tissue structure or cell arrangement. Furthermore, the structure and cell arrangement in callus tissues were shown to change easily by cultural conditions. Some discrepancies found in the previous reports 1,2,3,4,8,9) might be explained by localized distribution of virus concerned.
Why virus-free cells exist in the systemically infected tissues, and how virus-free cells appear in the virus-infected callus tissues are fundamental problems which should be made clear in future. 
